Introduction
Hemorrhoids, which can be categorized as internal hemorrhoids (originating above the dentate line and covered by anal mucosa), external hemorrhoids (originating below the dentate line and covered by anoderm), and mixed hemorrhoids, is a disease with a high incidence and reoccurrence rate. [1] [2] [3] Conventional hemorrhoidectomy is the most widely performed operation and considered the "gold standard" in preventing recurrence. 4 However, postoperative pain is one of the common symptoms after hemorrhoidectomy, prolonging wound healing and impairing normal activities. 5, 6 Forrest et al 7 reported serious pain in 87% of patients in the immediate postoperative period and in 33% after 1 week; 6% patients still reported pain after 1 month. Conventional analgesic methods including nonsteroidal anti-inflammatory drugs, paracetamol, and opioids often have side effects, including dizziness, nausea, vomiting, constipation, and [8] [9] [10] Converging lines of research provide evidence that acupuncture is not only a single anesthetic technique but also a supplement to general anesthesia. A meta-analysis revealed the beneficial effects of acupuncture on anesthesia for craniotomy. 11 In addition, acupuncture has proved to be an effective complementary treatment to relieve posttonsillectomy pain. 12 However, the effect of acupuncture on relieving pain after hemorrhoidectomy is not well established. A previous study has reported that acupuncture is more effective than analgesic drugs for postoperative pain after hemorrhoidectomy; 13 but the placebo effects of acupuncture were not accounted for due to the lack of a placebo group. In order to evaluate objectively the effects of acupuncture on pain after hemorrhoidectomy, a clinical trial with an improved design for placebo treatment should be undertaken.
In this study, we conducted a randomized controlled trial to evaluate the clinical effects and safety of electroacupuncture (EA) on postoperative pain following hemorrhoidectomy.
Methods

Participants and recruitment
The patients were enrolled in the anorectal department of the Shanghai Municipal Hospital of Traditional Chinese Medicine from July 2014 to December 2015. A total of 72 patients who were diagnosed with mixed hemorrhoids and underwent Milligan-Morgan hemorrhoidectomy and who were aged 18-50 years old were included in this study and randomly assigned to either the EA group (n=36) or the sham acupuncture (SA) group (n=36).
The exclusion criteria were as follows: 1) patients with serious hematopoietic system, cardiovascular, liver, or kidney diseases; 2) pregnant or lactating females; 3) patients who failed to complete the questionnaires and were not able to follow medical orders; 4) patients who did not want to take the analgesic methods; and 5) patients who had undergone hemorrhoidectomy before.
The study protocol was approved by the research ethics board of the Shanghai Municipal Hospital of Traditional Chinese Medicine (2014SHL-KY-09). All patients were asked to sign informed consents forms, thereby agreeing to receive either kind of treatment. We followed the Consolidated Standards of Reporting Trials and Standards for Reporting Interventions in Clinical Trials of Acupuncture guidelines for designing and reporting controlled trials. 14, 15 Our team strictly defended the patients' legitimate rights and interests, and we were responsible for the therapeutic process.
Sample size calculation
According to the previous study with a 2.17±0.81 visual analog scale (VAS) score in the treatment group and a 3.05±0.79 VAS score in the control group, 13 we determined to include 19 samples in each group, with a power of 90% and an experiment-wise α level of 0.05. Assuming an estimated 20% dropout rate, 46 patients should be required in this project. Adding 26 patients for potential subject loss due to various reasons, 72 patients in total were enrolled. The sample size N of each group was estimated by the following formula: 
Randomization and allocation
Patients who were interested in participating in this trial were interviewed first. After recruiting the participants, a random number table was generated on the computer using SPSS 19.0 to divide the participants into EA and SA groups in a ratio of 1:1. Randomization numbers were sealed in envelopes, and then physicians received the envelopes from another independent administrator who was in charge. According to the random digital cards in the envelopes, the researchers assigned the participants to either the treatment group or the control group. After that, the acupuncturists conducted the treatment.
Blinding
We applied a single-blind (patient-assessor-blinded) method. Participants were not aware of their group assignments in the trial. Researchers, including statisticians and outcome assessors, were all blinded to the patients' group assignments. Acupuncturists were not blinded to the group assignments, but they were not involved in the recruitment, randomization, outcome assessments, or data analysis. Each patient was separately treated in the therapeutic room in the anorectal department. The patients received acupuncture treatment in a lateral position on the bed during a treatment period within 15 min after surgery, so they were not able to see the procedure of the treatment. Since the local anesthesia used during the hemorrhoidectomy still worked, it was also hard for patients to distinguish whether they received the real or SA. 
1491
Effect of acupuncture on post-hemorrhoidectomy pain
Intervention
The intervention of EA and SA groups both started within 15 min after the completion of the surgery and lasted for 30 min, which was when the needles were taken out. Treatments were performed after cleansing of the skin around the acupoint areas. The temperature of the therapeutic room was never below than 25°C. The duration of the hemorrhoidectomy was 1 h on average. Lidocaine, a common local anesthetic, was used for the surgery.
EA group
In the EA group, needles were inserted into the skin at the 1, 3, 5, 7, 9, and 11 o'clock positions, 4 cm away surrounding the anus. The acupuncturist rapidly pricked the tube -guided acupuncture needles into the skin, and then removed the tube. The needle was inserted perpendicular to the skin to a depth of about 10-25 mm. The points 3 and 9 were connected to a G6805-2A EA device (Shanghai Huayi Medical Instrument Co., Ltd, Shanghai, People's Republic of China) at a rapid continuous output frequency (50 Hz), with an intensity set according to the patient's tolerance.
SA group
In the SA group, the needling tools and acupoints were the same as those used in the EA group. The acupuncturist pressed the tube on the point with one hand, while the other hand tapped the bottom of the tube. Patients felt a "needle insertion," but no needle was actually inserted into the skin. The EA device was placed to the side, turned on with the power light on; the outputs of the device were not connected to any needles. Any patient who refused acupuncture and asked for analgesic drugs was given 2 kinds of painkillers (Compound Aminopyrine Phenacetin Tablets, which contains 150 mg of amidopyrine, 150 mg of paracetamol, 50 mg of caffeine, and 15 mg of phenobarbital) via the oral route. The pain index of these patients after taking painkillers were regarded as missing data. Intention to treat-last observation carried forward analysis was performed to evaluate these patients' pain by carrying the last observations before the medication.
Quality control
The trial was conducted under the supervision of 2 departments: Shanghai Municipal Hospital of Traditional Chinese Medicine and Shanghai Academy of Education Science. Researchers input the collected data immediately on the ResMan website. The Clinical Research Center of Drugs of Shanghai University of TCM worked as the data monitoring team to identify problems during the trial, examine collected data, and control bias. Meanwhile, a qualified clinical trial expert was invited to monitor the study.
Outcome measurements Primary outcome
After treatment, the pain intensity was evaluated by using the VAS to assess the quantification. 16, 17 The higher the score is, the higher the level is. VAS was measured at 11 different times: once every hour during the first 8 h after the treatment, once, respectively, at 24 and 48 h after the treatment, and once at the first defecation. If any patient asked for analgesic drugs, the time was recorded.
Secondary outcomes
Wong-Baker Faces Pain Rating (WB) Scale 18 and verbal rating scale (VRS) were also administered at different time points to evaluate the pain levels of the patients. 19 The anxiety subscale and diet and sleep subscale from the Symptom Checklist-90 Scale were assessed 24 and 48 h after the intervention. 20 The Symptom Checklist-90 Scale contains 10 items for anxiety and 7 items for eating and sleeping respectively. All the indicators were measured through questionnaires. Higher scores indicate higher pain intensity or lower life quality.
Statistical analysis
All analysis was performed on the intention-to-treat population of participants who had at least 1 treatment. Missing data was replaced according to the principle of the last observation carried forward, and we used the Cochran-Mantel-Haenszel method and the two-sided Student's t-test to conduct the analysis for the ordinal categorical index (WB and VRS) and the continuous index (VAS), respectively. The χ 2 statistics were calculated for the WB and VRS indices. Wilcox rank sum test was used to test the significance of life quality measurements. We calculated 95% CI for VAS and each measure was summarized by mean ± SD and percentage. Analyses were performed using R software (The R Foundation, Vienna, Austria).
Results
Number of participants
From July 2014 to December 2015, we screened 85 patients in the anorectal department with mixed hemorrhoids who planned to undergo hemorrhoidectomy; among them, 6 were over 50, 3 had other serious disorders and were not suitable to undergo EA treatment, and 4 rejected acupuncture treatment. As a result, 73 participants were recruited and randomly assigned to the EA and SA groups (Figure 1) . During the study, 3 patients asked for analgesic drug because of sharp pain after the hemorrhoidectomy. Other patients completed the study without adverse events.
Baseline information
Baseline features of the 2 groups are presented in Table 1 . Hemorrhoids were further graded based on their appearance and degree of prolapsed as follows: 1) Grade I: nonprolapsing hemorrhoids; 2) Grade II: prolapsing hemorrhoids on straining but reducing spontaneously; and 3) Grade III: prolapsing hemorrhoids requiring manual reduction. 21 There were no significant differences identified in demographic and clinical characteristics between the 2 groups (p>0.5). No significant difference was found in the baseline pain levels before the invention between treatment group and control group. 
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Outcomes Pain levels
The VAS index of the EA group was significantly lower, compared to that of the SA group. Outcome analysis showed that EA group had lower VAS scores at 6 h after the treatment (p=0.033, 95% CI = -0.720, -0.031). The VAS scores were also lower in the EA group at 24 h follow-up as well as during the first defecation (Table 2, Figure 2 ). There were also significant differences between EA group and SA group in VRS and WB, especially during the first defecation. The VRS levels are significantly lower in the EA group than in the SA group at 4 hours after the treatment as well as during defecation (χ 2 =4.469 and 5.997; p=0.035 and 0.014, respectively, Tables 3 and 4 There was also no between-group difference in VRS and WB at 24 h follow-up and at 48 h follow-up.
Quality of life assessment
As stated in Table 5 , the anxiety levels were not significantly different between EA and SA groups both at 24 and 48 h after treatment (p=0.078, 0.344). There was no remarkable difference in the eating and sleeping conditions of patients between these 2 groups (p=0.532 in 24 h and p=0.979 in 48 h, respectively).
Discussion
In this study, we conducted a randomized clinical trial involving 72 patients who had undergone hemorrhoidectomy. We found that EA could significantly alleviate pain levels of patients after the surgery and that there was no serious adverse effect reported during the trial. Compared to the SA group, VAS, VRS, and WB scores were significantly better after EA at several measured time points. We also analyzed whether acupuncture could improve the patients' quality of life by measuring their anxiety levels as well as eating and sleeping conditions; however, it showed no remarkable improvement after EA treatment. The scales VAS, VRS, and WB are frequently used to evaluate the pain levels before and after patients undergo different treatments. So, we used them at 11 time points after the intervention 22 during this trial. Based on the results, we observed that VAS, VRS, and WB, respectively, had 3, 2, and 5 different time points reflecting the analgesic effect of 
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Effect of acupuncture on post-hemorrhoidectomy pain acupuncture. We hypothesize that the analgesic effect of EA started from the time of treatment and reached its peak after 3 h, because there was a significant difference between the 2 groups after 3 h. These results provided strong evidence for the misunderstanding that acupuncture was a placebo therapy and had no real effect. 23 We also found that although some time points after 3 h showed no pain difference between these 2 groups, all 3 pain measurements exhibited significant pain alleviation during first defecation. The results showed that EA was an effective treatment for relieving pain, which was quite consistent with previous findings. The Dalamagka et al 24 group conducted a randomized and controlled trial to determine the effect of acupuncture treatment on 54 patients with postoperative pain after inguinal hernia repair, and they showed that there was a significant improvement in VAS after the EA treatment. In another independent randomized, placebo-controlled trial of acupuncture's effect on low back pain, VAS scores showed significant decrease after acupuncture treatment when compared with the SA treatment. 25 Acupuncture has been proven to be effective in relieving pain in other diseases, but few studies focused on the analgesic effects of acupuncture on hemorrhoidectomy. Therefore, our findings, to some extent, provide complementary evidence that acupuncture has physiological mechanisms for pain relief other than the placebo effect.
It is worth mentioning that EA was used for pain relief as opposed to traditional acupuncture, and literature review supports the hypothesis that EA is superior, or at least not inferior, to manual acupuncture. 26 Moreover, a number of other studies also proved that EA produced higher pain threshold elevation and better subjective evaluations of treatment effects than manual acupuncture. [26] [27] [28] EA effectively alleviates both sensory and affective inflammatory pain and inhibits inflammatory and neuropathic pain.
Although our results indicated that EA treatment had an effective analgesic effect, the analgesic effects of performing acupuncture before the surgery is still unknown. We found that the onset of action of EA was >3 h in this trial, but we do not know whether this was related with hemorrhoidectomy or not. To solve this puzzle, future work could assess acupuncture before the surgery and explore the complex relationships between EA, hemorrhoidectomy, and the exact onset of action of EA, which could significantly reduce pain and recovery time.
Limitations
There were some limitations in this study. First, the sample size of our trial was small, which may result in a bias of the baseline and outcome assessments. Second, the pain tolerance is different for each patient, so the measurement methods of pain levels inevitably may cause some subjective bias. The relatively short intervention and follow-up periods in this trial were also limitations. This may have also been the reason why there was no effect on the patients' quality of life. Further studies could conduct trials with larger sample sizes to reduce these limitations and achieve more significant results. Multicenter, cohort studies with more practical measurement methods can also be adopted to provide stricter clinical research designs in acupuncture clinical studies.
Conclusion
Acupuncture is an effective method to alleviate pain for hemorrhoid patients after hemorrhoidectomy.
